Abstract. In this paper, the combination of CORDIC algorithm and mathematical method is used to complete the implementation of 128-bit floating-point exponential function and logarithmic function. The implementation of exponential functions and logarithmic functions is involved in speech recognition, image processing, and radar detection, but the computational domain of [-6, 6] is completed in current hardware implementations. It is too narrow in practice. Here we use the CORDIC algorithm combined with the mathematical method to expand. In this design, the calculation domain of the logarithm function is 128 bits of all floating-point numbers and the calculation domain of the exponential function is [-8192, 8192]. The practicality of hardware implementation transcendental functions is improved by extending the computational domain. In the overall hardware architecture, based on the Xilinx ISE14.7 development environment, the Virtex7 development board, the combined maximum frequency can reach 353.189MHz.
Introduction
In This topic comes from using the CORDIC algorithm to implement various transcendental functions. In this design, the realization of the four-precision floating-point exponential function and the logarithmic function are mainly realized. Compared with the existing single-precision floatingpoint exponential function implementation, the use of four-precision floating-point input can improve the accuracy of the calculated data.
In 1959, JD volder proposed the CORDIC algorithm to calculate the exponential function and the logarithm function, the calculation domain is [-1.1182, 1.1182 ]. The exponential function has a convergence domain extended to [-6,6 ] [1] . In 2014 Ateeq Ur Rahman Shark, Rakesh Gangarajaiah, Erik Hertz using the series convergence to calculate exponential function, but this set of architecture can only be used to calculate the exponential function so that the reusability is low [3] . In this design we use the same set of architecture to complete the hardware construction of the exponential function and the logarithmic function.
The Basic Hardware Implementation

Overall Hardware Framework
2.1.1Implementation of the Exponential Function
The biggest difficulty in implementing an exponential function is to store the corresponding exponential results. The result implemented in the FPGA is fixed-point storage. However, the result of the exponential function calculation is very large. It is easy to overflow if the intermediate result is directly stored using the fixed point. This can result in a narrow range of calculations in hardware implementations. For this reason, In this design we directly use the mathematical method to get the mantissa part and the exponent part of the exponential function result. The corresponding exponential part and mantissa part are implemented by hardware respectively, which solves the shortcoming of fixed-point storage overflow. The specific derivation is as follows:
In this way, Y can be obtained by the divider and shift and the final result E can be obtained by adding the offset b. X is obtained by the rotation mode in the hyperbolic model of the CORDIC algorithm. Remove the highest bit of X to get the final result M.
Logarithmic Function Implementation
The logarithmic function uses ln 2
, lnM is implemented by the vector mode in the CORDIC algorithm hyperbolic model and Eln2 is implemented by multiplier design. The result of the two modules is then converted to a standard floating-point number and sent to the floatingpoint adder (using the sign bit to determine whether it is an addition or subtraction operation) to get the final result.
The specific framework is shown below: Figure 1 . Overall hardware framework.
Floating Point
The representation of floating-point numbers is N=M 2 The mathematical relationship used in the hyperbolic model is:
But this time will involve a series of multiplication and tangent function calculations, it is very troublesome to implement with hardware. In order to facilitate the hardware implementation, we will use the method of decomposing the angle value to perform clockwise or inverse at a fixed angle
. The hour hand rotates (by judging the direction of rotation) to keep approaching. The relationship corresponding to each rotation is:
, so that after the last n iterations, simply multiply K by the result to ensure the same result as originally requested. To ensure that the K value converges, iterative iterations are performed at i=4, 13, 40, 4K+1..., so that the K value converges to 1.20750 when n>=13. In the implementation of the high-precision exponential function, the number of iterations is 67 (64 iterations plus repeated iterations at i=4, 13, 40), then the K value is a constant, after n iterations you will get: In order to speed up the calculation run, the CORDIC iterative algorithm is implemented using a pipeline structure. Each level of the circuit structure mainly includes two shifters and three adder (subtractor), which are directly connected between the stages and do not require additional registers. The corresponding structure diagram is as follows: 
Simulation Results
Because the graphic display is limited, we select a representative value for logarithmic calculation and convert it to a decimal number to compare with the value calculated by the calculator. 
Conclusion
Through the above simulation results and the data shown, we can see that whether X is a large value or a small value, we can complete the logarithmic function. Can guarantee the corresponding data behind the decimal point. We can also find that the hardware implementation results are larger than the calculator calculation results when performing data operations. The main reasons here are: 1. The corresponding calculator can only input 32-bit data, when corresponding to a large value, directly rounds off the following values in decimal. Corresponding to the result calculated by the calculator, there will be data loss. 2.floating point numbers in the representation of real numbers, because the use of binary representation and the exact real value will have some errors.
